V
ERY few plant-breeding experiments have been conducted for enough generations to allow satisfactory comparisons between theoretical expectations and actual results. This problem has come into sharper focus in recent years as new systems, such as the various methods of recurrent selection, have been proposed. Prediction problems, involving expectations of genetic gain rates and final levels of performance, are acutely important when long-term, expensive breeding experiments must be conducted to obtain factual evidence of response to selection.
Therefore, any information which bears on these problems may be of assistance in evaluating proposed new breeding methods. The long-term selection experiment with oil and protein content in corn (4), conducted for over generations at the Illinois Agricultural Experiment Station, offers unique material for studying problems such as the retention of genetic variability under selection.
Progress toward desired objectives, as a result of selection, conventionally is explained either by assuming accumulation of "favorable" genes, or by assuming that desirable gone combinations have been attained.
Unless the breeding system is specifically designed to maintain heterozygosity, it is usually assumed that the degree of homozygosity will increase under selection. Eventually, genetic variability is expected to be so far diminished that further selection becomes ineffective, and a "selection limit" (2) is reached.
In evaluating the results of long-term selection for oil and protein content in corn, Winter (7), Woodworth al. (8) and Leng (3, 4) have called attention to the degree of variability retained in all four long-selected strains. The experiments reported in the present paper were undertaken to determine if any significant part of this variability was genetic in nature. Reverse selection was begun in all four strains, on the assumption that it would be effective only if a reasonable level of genetic variability existed in the source material.
MATERIALS AND METHODS
In 1948, reverse selection was begun in all four "Illinois Chemical Strains" of corn--High Oil, Low Oil, High 'Protein, and Low Protein. Seed selections were made from analyzed ears of the 1947 crop, which was the 48th generation of regular selection for oil and protein content.
In each strain, the six ears with chemical analyses most extreme in the opposite direction from the regular selections were chosen to begin the "reverse" strains. For example, in Illinois High Oil, the six ears lowest in oil content were chosen. These 6 ears, in each strain, were divided into 2 groups of 3 ears each, designated "Lot A" and "Let B". Four nursery rows, of approximately 25 plants each, were planted from composited seed of each lot.
Pollination within each strain was carried out by intra-strain bulk reciprocal crossing. Pollen from 10 to 13 plants of "Lot A" was bulked and used to pollinate silks of "Lot B". Similarly, pollen of "Lot B" was used on silks of "Lot A". At harvest, 30 well-filled, sound ears were chosen from each lot, giving a total of 60 ears for chemical analysis in each strain.
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In 1949 and subsequent years, the breeding and sampling procedures followed were similar to those described above, except that 12 ears were chosen from each "reverse" strain to form the 2 seed lots for the succeeding generation, Selection was also continued in the four "regular" strains in the usual direction. In 1955, the "Reverse High Oil" strain was again divided, with reverse selection being continued in the normal manner in one stock, while "switchback" selection (i.e., selection for higher oil content) was begun in the other stock. Both the latter forms of selection have been continued up to the present time.
During the period 1948-1951, all strains were grown on land of medium high fertility, without supplementary nitrogen fertilization. In 1952, and from 1958 to 1961, all strains were grown on land xvhich had received approximately 80 pounds per acre of N as pro-planting fertilization. From 1953 through 1957, the "oil" strains were grown without supplemental nitrogen, while the four "protein" s~rains were grown both with and without supplementary nitrogen fertilization.
Analytical methods employed were the standard KjeldahlGunning-Arnold procedure for nitrogen, and extraction with Skelly-solve F for oil. Protein content was computed as (Kjeldahl N )< 6.25). All analyses are reported as percentages of the whole grain, on a water-free basis?
RESULTS

Response to Reverse Selection
Major shifts in phenotypic mean values have occurred in each of the four long-selected strains as a result of reverse selection. Figure 1 graphically illustrates the response trends in the regular, reverse, and "switchback" strains for each generation of the reverse selection experiment.
High oil--This strain responded immediately to reverse selection (Figure 1) . From a level of approximately 13.5% at the beginning of reverse selection, mean oil content after 13 generations was 10.0%, compared with a mean of 14.6~/c in the corresponding regular selection. Response to reverse selection was especially rapid in the first 8 generations, during which the Reverse High Oil mean diverged from that of the regular strain at an average of about 0.6% oil per year. The indicated rate of response to reverse selection was markedly more rapid than the response rate in the original High Oil strain at the beginning of longterm selection.
Since the eighth generation of reverse selection, there has been no significant change in the divergence between regular and reverse strains. While this could indicate that a selection limit has been reached in the reverse strain, previous experience (4) and the results of "switchback" selection, discussed below, suggest that further response to reverse selection is still possible.
Low oil--As compared with mean phenotypic levels at he beginning of reverse selection, the Reverse Low Oil strain showed no response for the first 5 to 7 generations of selection (Figure 1) . Meanwhile, oil content in the regular Low Oil strain was steadily decreasing, so that significant divergence between the two strain means a Analytical work was performed by the Departmental Service Laboratory, under the direction of E. B. Earley. The data were analyzed by the Departmental Statistical Laboratory, under supervision of W. C. Jacob and R. D. Seif.
